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FIGURE 1 Different Degrees and Location of Calciﬁcation of the Mitral Valve
Mitral valve assessed by multidetector computed tomography (MDCT) (top images of each panel) and echocardiography (bottom images of each panel) in long-
and short-axis views. (A) Absence of calciﬁcation. (B) High degree of annulus calciﬁcation (short arrows), without leaﬂet involvement. (C) High degree of annulus
calciﬁcation (short arrows) and moderate calciﬁcation of the leaﬂets (long arrows).
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Using Echocardiographic DataThree-dimensional (3D) printing has steadily gained
traction as a clinical tool. Current applications
include developing patient-speciﬁc implants, pros-
theses, and realistic anatomic models for surgical
FIGURE 1 3D Printed Mitral Valve Models
(A) Three-dimensional (3D) transesophageal echocardiography (TEE) en-face view of a normal mitral valve (MV) (top). Note the complete
leaﬂet coaptation at end-systole. Automated image segmentation and 3D reconstruction in TomTec Image Arena, MVA package 2.1 (middle).
En-face view of the printed valve, with anterior leaﬂet on top and posterior at the bottom (bottom). (B) Ischemic MV with 2 effective
regurgitant oriﬁces at end-systolic frame and incomplete coaptation (top). Automatically segmented image showing an accurate representation
of the echocardiographic image (middle). Physical model demonstrating leaﬂet retraction, 2 oriﬁces, and abnormal geometry in the ischemic
MV (bottom). (C) Myxomatous degeneration leading to billowing segments of posterior mitral leaﬂet (top). Accurate mapping of irregular
valve leaﬂets in MVA 2.1 leading to a high-ﬁdelity virtual model (middle). Physical model depicting a prolapsed leaﬂet and dilated annulus with
a degree of precision (bottom). (D) Anterior (A) and posterior (P) mitral annular landmarks and central regurgitant oriﬁce (*) of an MV model.
This model was manufactured using a multimaterial build, with a stiff annulus and ﬂexible, translucent leaﬂets. (E) Another MV model, built
using the same ﬂexible material for the annular ring and the leaﬂets, leading to a pliable and ﬂexible model.
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229education and planning (1,2). In cardiac surgery,
patient-speciﬁc 3D models of hearts with congenital
defects and aortic root have been reported (3,4).
These models hold value as task trainers and in pre-
operative planning. Such modeling could have
particular relevance to mitral valve (MV) repair
surgery.
Transesophageal echocardiography (TEE) is
routinely used to generate dynamic images of the
MV. The volumetrically acquired, electrocardiogram-
gated 3D data have good spatial and temporal
resolution, and resultant dynamic 3D images are
considered superior to the conventional surgical
visualization of the arrested heart. The surgical
choice of annuloplasty device is very subjective and
based on limited objective data (5). Although 3D TEE
imaging has introduced objectivity in MV analysis, it
offers limited depth perception on a ﬂat screen. A
tangible patient-speciﬁc model of MV before repair
procedure could possibly objectify MV analysis.
Although 3D TEE imaging is based on the same prin-
ciples of spatial and temporal synchronization as
computed tomography and magnetic resonance im-
aging, its value in generating 3D models of cardiac
structures has not been fully investigated.
Using 3D electrocardiogram-gated volumetric TEE
datasets, we assessed the feasibility of printing
models of normal, ischemic, and myxomatous MVs.
Echocardiographic images (Figures 1A to 1C, top) were
imported into commercially available software
(Image Arena, TomTec GmbH, Munich, Germany)
and analyzed and tracked using an automated
image segmentation program (MVA package 2.1)
(Figures 1A to 1C, middle). Models generated were
exported as stereolithographic ﬁles and sent for
printing using a 3D printer (Connex Objet260, Stra-
tasys Corporation, Rehovot, Israel). The resulting
models closely mimicked the original echocardio-
graphic pictures, indicating highly conserved ﬁdelity
(Figures 1A to 1C, bottom). Total time from image
acquisition to ﬁnal model generation was approxi-
mately 90 min.
Although current technological limitations pre-
clude accurate modeling of leaﬂet and annular
thickness, it is possible to manufacture models using
ﬂexible and pliable materials (Figures 1D and 1E).
Replicating precise natural tissue properties and
behavior also remains a challenge. However, as the
technology and materials for 3D printing evolve,
replication of dynamic tissue properties would open
the door for generating anatomically and physiologi-
cally accurate models. This may allow for designing
task trainers, patient-speciﬁc annuloplasty devices,
and prosthetic heart valves. Pulsatile ﬂow devicescould also be used to design and investigate multiple
iterations of a given valve for optimal intervention
to ensure a long-lasting repair and minimize chances
of recurrent mitral regurgitation. Such ﬂow-loop cir-
cuits also hold promise for use as “driving ranges”
for percutaneous devices and procedures. Currently,
however, our 3D printed valvular models are most
valuable for education, visualizing pathology, and
developing a superior surgical plan well before the
ﬁrst incision.Feroze Mahmood, MD
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Relevant at the Population Level?We read with great interest the paper by Kuwaki et al.
(1) describing a new grade of diastolic function and its
association with major adverse cardiovascular events.
The study is also noteworthy because the authors
performed speckle-tracking analysis of the left
atrium, giving an additional emphasis on the inter-
relation between diastolic function and left atrium
mechanics. In their study, Kuwaki et al. (1) deter-
mined diastolic dysfunction grades in patients
referred for echocardiography in a tertiary care cen-
ter. We sought to evaluate the prevalence of this new
